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Summary A lot of measurements of the attenuation of partial discharge pulses on the model of winding was realized in the High 
Voltage Laboratory of the Czech Technical University in Prague. Current pulses from a charge calibrator were injected into 
different parts of winding and both the distortion of the charge and their deformations at the end terminals were observed and 
evaluated. It was confirmed that the apparent charge of a partial discharge, as a diagnostic parameter, is not relatively very 
sensitive, comparing to other diagnostic parameters, e.g. to the size or the shape of a partial discharge current pulse.  
The charge of the partial discharge current pulse on terminals was integrated by means of three different methods. It was found 
that the attenuation of the partial discharge pulse is significant. It was confirmed by all three evaluating methods with similar 
results. Furthermore, a measurement both of the attenuation of pulse and changes of partial discharge charge was realized on 
different types of winding. It resulted in the fact that the attenuation of the partial discharge charge on different types of winding 
depends on the winding parameters. 
 
 
1. INTRODUCTION 
 
At present the majority of diagnostic 
measurements of insulating systems of electric 
machines and high voltage equipments is made in 
off-line mode, i.e. on a detached machine during its 
check-up or repair, usually using the external 
adjustable source of a testing voltage. The main 
advantage of an on-line measurement, i.e. when the 
machine is working, is the possibility of finding the 
changes of insulation system immediately, which 
gives enough time for observing a defect progress 
and repair planning. When measuring off-line, the 
majority of insulation systems is under higher voltage 
than the operating voltage is (the winding is 
unearthed and the same testing voltage is through all 
the winding), while during the operation the voltage 
is evenly distributed along the winding from zero to 
the rated voltage. The method of measuring partial 
discharge seems to be a suitable diagnostic method 
for on-line type of measuring. For the operation use it 
is necessary to solve some of its problems, however.  
Partial discharges often occur in places 
unapproachable for straight measurements, e.g. in the 
windings of electric machines. Current pulse, arisen 
from the partial discharge, is expanding from the 
place of its rise (usually from a vacuole in a winding 
insulation) and it is measurable only at the winding 
outlet - at machine terminals. When expanding 
through the winding the pulse distorts - its amplitude 
decreases, its shape changes and there is a possibility 
of a damped oscillation of the pulse. Therefore, we 
do not measure a real charge of the partial discharge 
in an insulation vacuole, but the apparent charge, 
which can be different. The winding of the machine 
also has, besides distributed winding inductance and 
winding resistance, capacities between turns and coils 
and also between the winding and earthed 
construction. At operation frequency 50Hz, the 
capacity resistance 1/C, dependent on these 
capacities, is significantly high, and therefore we can 
ignore capacity currents, as they are imperceptible 
comparing to the currents passing through small 
inductive and ohmic types of winding resistance. On 
the other hand, high frequencies the situation is 
completely different, while passing through winding, 
the ratio of higher harmonics in the pulse decreases, 
which results in a change of the pulse shape. 
In the Laboratory of High Voltage at the Czech 
Technical University in Prague several measurements 
were realized to determine how much the value of 
basic diagnostic parameter, i.e. the apparent charge, 
changes itself while passing through the winding. 
Measurements were carried out on a model of a 
transformer winding which had three windings: coils 
A, B (one-layer windings with different number of 
turns) with 11 taps, and coil C (a plate winding) with 
22 taps, see Fig. 1. Coil D has not been searched by 
reason that has not internal terminals.  
A commercial calibrator TETTEX, type 9216 
(pulse frequency 100 Hz, start-up time about 100 ns) 
was used for the simulation of partial discharges in 
the winding. It imputed current pulses into the 
internal taps of the winding. Having passed the 
winding, the pulses were detected at the end of the 
winding (in the end terminals of the winding) and 
were evaluated by the digital oscilloscope LeCroy, 
type 9350 (bandwidth 500 MHz, sampling 2 GS/s for 
a single signal) with built-in mathematical functions. 
A sample of the evaluated partial discharge pulse is 
on Fig. 2, where on the horizontal axis is time and on 
the vertical axis are the partial discharge current of 
the partial discharge pulse (curve 1), the absolute 
value of this current pulse (curve A) and the integral 
of this absolute value of current pulse (curve C).  
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Fig. 1 Model of transformer windings 
 
Fig. 2 Measured and evaluated values of the partial 
discharge current pulse  
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Fig. 3 Diagram of the measuring circuit 
The circuit diagram in Fig. 3 shows how the 
measurement was made, where OSC is a digital 
oscilloscope, Rm is a load resistance; L is the total 
length of the winding, x represents the length of the 
winding, which the pulses of partial discharges pass 
through (It is determined by the position of the 
calibrator KG). 
 
2. EVALUATION OF PARTIAL DISCHARGES 
 
Passing through the winding significantly 
influences the shape of the partial discharge pulse. It 
can be distorted and then its apparent charge is very 
difficult to evaluate (i.e. in the pulse oscillation). Our 
aim was to find out which parts of the distorted 
current pulse of the partial discharge are the most 
suitable for the evaluation, so that the apparent 
charge of the pulse would show the smallest change. 
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Fig. 4 Distorted current pulse of partial discharge 
Therefore we used following three methods for 
evaluating the distorted current pulse of the partial 
discharge (see Fig. 4, where on the horizontal axis is 
time, on the vertical axis is the partial discharge 
current and hatched surfaces are partial discharge 
charges): 
a) Only the first wave of pulse was evaluated, i.e. 
q = q1. 
 
1 ... i (t) 
A ...i(t) 
C ... i(t)dt 
 
Winding D Winding C Winding B Winding A 
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b) Only waves of the same polarity were 
evaluated (in effect, only first two positive parts of 
the pulse), i.e. q = qp = q1+q3. 
c) All parts of the wave (regardless the polarity) 
were evaluated, i.e. q = qs = |q1|+ |q2|+ |q3|+ |q4|. 
Measurements were performed on winding A 
(load resistance Rm = 100 k) and measured values 
were transformed to the chart, see Fig. 5, where the 
relative distance is on the horizontal axis and the 
measured partial discharges are on the vertical axis. 
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Fig. 5 Evaluation of attenuation of partial discharge pulse by different methods
We can see that the charge decreases while passing 
through the winding, when passing the 40 per cent of 
the winding it decreases to about 80 per cent of its 
original value, when passing 70 per cent of the winding 
to about 60 per cent of the value, when passing 90 per 
cent of the winding to about 25 per cent of its original 
value. This fact was confirmed with all the methods of 
evaluation. The differences among the methods of 
evaluation of the apparent charge of the distorted 
partial discharge were not significant. Differences in 
values obtained in method a), i.e. q1 (this method is 
used by the majority of commercial measurers) and in 
method b) i.e. qp are max. 7 per cent, between q1 and qs 
(method c) is max. 5 per cent, which is quite acceptable 
for the operation measurements of the partial discharge 
deviation. As the evaluation of qp is relatively difficult 
(it is necessary to use the per-partes method), for 
practical measurements and evaluations methods either 
the method q1 (i.e. evaluation of the partial discharge 
from the integration of the first wave of the current 
pulse only) or the method qs, where the partial 
discharge q is determined from relation: 
( ) ( ) dttu
R
1dttiq m
m
 == . 
This method, i.e. method qs, is more suitable in our 
case and that is why this method was used for an 
evaluation of the attenuation of partial discharges on 
different windings. 
 
3. ATTENUATION OF THE APPARENT 
CHARGE ON DIFFERENT WINDINGS 
 
To be able to find out the influence of the type of 
winding and winding parameters on the attenuation of 
the apparent charge we made measurements of the 
pulse attenuation and changes of the charge of partial 
discharges on different windings. 
Measured values of the apparent charge dependent 
on the partial discharge pulse passing through three 
different windings were plotted into the graph in Fig. 6, 
where the relative distance is on the horizontal axis and 
the measured partial discharges are on the vertical axis.  
We can see that the attenuation of the apparent 
charge of the partial discharge on different windings is 
similar and depends on winding parameters. This 
stands for all types of windings. In case of the plate 
winding (winding C) extra resonances and reflections 
occurred. 
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Fig. 6 Attenuation of the apparent charge on different windings 
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